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(54) Colour stable dental restorative materials 



(57) In a polymerizable dental restorative resin 
composition useful as a dental composite resin and/or a 
denture/denture base material comprising at least one 
binder resin, a diluent monomer, at least one filler, 
optionally, a photopolymerization system comprising an 
initiator br initiating polymerization of the composite 
resin upon exposure to visible light and an accelerator, 
and an Initiator for initiating polymerization of the com- 
posite resin upon application of heat the improvement 
Imparling shelf stability and substantially eliminating 
discoloration is provided comprising the initiator for initi- 
ating polymerization upon application of heal having the 
general formula: 

R-NaN-R' 

wherein R and R' can be the same or different, and are . 
selected -from the group consisting of oxygen-free 
aliphatic cyctoaHphatlc aromatic and heterocyclic moi- 
eties. 
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□ascription 

This invention relates to improved polymeric products which have been found useful as dental restorative materials, 
e.g., dental c omposit e resins and denture base materials. More specifically, the improved polymeric products are filled 
s resin compositions which, depending upon fiDer content, are useful as crown and bridge materials, either with an alloy 
substrate or without a substrate, or as reconstruction materials, bioprostheses, filling materials, inlays, onlays, laminate 
veneers, dentures, and denture base materials. 

BACKGROUND OF THE INVENTION 

10 ■ ! 

The practice of dentistry includes the preparation and application in the oral environment of artificial dentures and 
restorations of tooth structure for example, veneers, inlays, onlays, crowns, and bridges. Historically, the dental profes- 
sion has used several different types of materials for aesthetic restorative purposes. Dental composite materials, which 
are particularly preferred for the purpose of aesthetic restorations, and dentures and denture base materials. Include 

is an organic or inorganic fffler component and an organic matrix component such as a polymerizable monomer. Such 
composites typically comprise, for example, an acrylic or methacryfic based system in which a silica or silicate glass is 
bonded to the resin matrix or to a coupling agent which is bonded to both 

Dental restorations are typically prepared from dental restorative materials comprising an appropriate fined resin by 
forming the restoration on a laboratory working model die made from an Intraoral impression replica or alloy substrate 

20 and curing the restorative material. Dentures and/or denture base materials are formed by com pr e ss ion or injection 
molding techniques and curing the material En the motd by heating al about 80*C, typically, with or without water, pres- 
sure, vacuum, or a combination thereof for less than about 1 5 minutes. The dental restorative materials currently In use 
are formed into useful end products by the conversion of monomers and/or oligomers into a polymerization matrix by 
heat, chemical, or photochemical initiation to form free radicals and thereby effect polymerization. 

26 It is an object of the present invention to provide improved dental restorative materials especially useful as dental 
composite resins and/or dentures or denture base materials which are storage-stable and not prone to discoloration 
and which can be polymerized by heat in combination with or without water, pressure and/or vacuum. In addition, the 
improved dental restorative materials of the present invention can be cured by such trimodal curing methods employing 
visible light cure, heat, and vacuum as described in U.8. Patent No. 5343.475. 

so It is another object of the present invention to provide storage-stable dental restorative materials which are not 
prone to dlsooloration upon aging by eliminating the use of the peroxide Initiators typically employed as thermal Initia- 
tors and substituting in lieu thereof bisazo initiators having the general formula: 

R-N=N-FT 

as 

wherein R and R' can be the same or different and are selected from the group consisting of oxygen-free 
aliphatic, cycloaiiphatic, aromatic, and heterocyclic moieties, 

SUMMARY OF THE INVENTION 

40 

These as weO as other objects are accomplished by the present invention, which provides an irrproved polymeriz- 
able dental restorative resin composition comprising at least one binder resin, a diluent monomer, optionally a photopo- 
lymertzation system comprising an Initiator for Initiating polymerization of the restorative resin upon exposure to visible 
light and an accelerator, at least one filler, and an initiator for initiating polymerization of the resin upon application of 
46 heat wherein the improvement resides In the use of a bisazo initiator, said bisazo initiator having the general formula: 

R-N=N-R' 

wherein R and R' can be the same or different and are selected from the group consisting of oxygen-free 
so aliphatic, cydoalphatjc, aromatic and heterocyclic moieties. 

PETARD pE^CRIPnON OF THE, INVENTION 

The polymerizable dental restorative resin compositions useful in the present invention are not particularly lim i te d 
55 and comprise broad spectrum polymer blends comprising binder resins, effluent monomers, fillers, and a heat cure sys- 
tem. The blends can also optionally include antioxidants, shelf fife stabaizers, a photosensitizing system, pigments, 
opadfiers, handling agents and other modifiers as will be readily appreciated by those of skill In the art 

The polymerizable dental restorative resin conposftions of the present invention comprise at least one polymeriz- 
able binder resin. The polymerized resin preferably has sufficient strength and hydrolytic stability to make it suitable for 
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use in the mouth. Acceptable functional resins will be familiar to those skilled in the art, and include acrylate, methacr- 
ylate, urethane acrylate, bisphenol A cfiglycidylmethacrytate and the like, such as those disclosed in US. Patent No. 
5,276,068, the pertinent portions of which are incorporated herein by reference. A preferred polymerizable resin for use 
in the present invention is a mixture of urethane dimethacryiate (frequently referred to as "UDMA"), polycarbonate 
dlmethacrylate (frequently referred to as TCDMA*) and triethyleneglycol dlmethacrylatB (frequently referred to as 
TEGDMA"). 

Other suitable binder resins Include a wide variety ol ethylenically unsaturated polymerizable compositions. Includ- 
ing the bis-glyddyl-methacrylate adduct of bisphenol A (Bis-GMA) and its acrylic counterparts. Alternatively; the 
adducts of 2,2,3-trimethylhsxane diisocyanate with hydroxy ethyl methacrylate, hydroxypropyi methacrylate and other 
hydroxyalkyl acrylic species are also preferred. Those skilled in the art wID appreciate that other acrylated polyesters 
can also be suitable. Such acrylated polyesters can also be reacted with isocyanates to form urethanes useful as binder 
resins. Thus, Bis-GMA can be reacted wilh a dusocyanate (or other Isocyanate) such as hexamethylene diisocyanate, 
phenylene diisocyanate or a wide variety of other aliphatic and aromatic dfisocyanates to provide useful binder resins. 

A particularly preferred binder resin comprises an admixture of a polycarbonate dimethacryiate and a second resin, 
such as Bis-GMA and/or urethane dimethacryiate, or oligomers thereof, wherein, for example, the polycarbonate 
dimethacryiate comprises the condensation product of Methylene glycol bis(chloroformate) and 2-hydroxyethyl meth- 
acrytate. 

The dental restorative composition will also typically include a diluent monomer to increase the surface wettability 
of the composition by decreasing the viscosity of the polymerization medium and Increasing the contact angle of the 
droplet in order to attain a more manageable working viscosity. Further, such diluents can be used as crosslinking 
agents. 

Viscosity control which is well within the skfll of the art win be understood to result in moldable, workable materials 
suitable for a wide range of dental restorative uses. Diluent monomers can be any of a wide range of polymerizable 
monomers capable of sustaining photochemical I y and heat Initiated polymerization. Preferably, the diluents will be the 
hydroxyalkyl methacrylates such as 2-hydroxy ethyl methacrylate and 2-hydroxypropytmethacrylate; ethylene-glycol- 
methacryfates, including ethyieneglycolmethacrylate, olethyleneglycolmethacrylale, trietiiylenegrycolmelhacrylate and 
tetraelhyfeneglycolmetnacrylate; dnsocyarates, hexamethylene diisocyanate and elhoxyfated monomers such as 1,6- 
hexanedioHimethacrylate, 2-hydroxyethyfmethacrylate (2-HEMA) and/or trieihyieneglycoldimethacrytate (TEGDMA) 
are particularly preferred. 

The fillers utilized in the dental restorative compositions of the present invention can be selected from any of the 
fillers conventionally used In the dental Industry capable of being ccvalently bonded to the resin matrix itself or to a cou- 
pling agent which is covalently bonded to both. Among those fillers which are especially suited in the practice of this 
invention are the alkali metal or alkaline earth metal silicates, such as lithium silicate, barium silicate, and the like. Other 
examples of suitable filler materials Include, but are not limited to, silica, silicate glass, quartz, strontium silicate boro- 
siiicate, amorphous silica, alumina, zirconia, and tin oxide. Particularly suitable fillers for dental restorative materials 
prepared in accordance with the present invention are those having a particle size ranging from about 0.01 to about 
10.0 um with a silicate colloid of 0.001 to about 0.07 um and prepared by a series of milDng steps comprising wet milling 
In an aqueous mecfium, surface etch milling, and silanlzing milling In a sllane solution. Some of the aforementioned inor- 
ganic fillers are described in US. Patent Nos. 4,544,359 and 4,547,531, the pertinent portions of which are hereby 
incorporated by reference. Organic fillers such as pdymethylmethacrvlate, methyl methacrylate copolymer, polyethyt- 
methacrylate, ethyl methacrylate copolymer, and the like can be similarly employed. 

Those skilled in the art will appreciate that the amount of filter loading which can be accomplished with a given resin 
system will vary depending upon several factors, including Identity of the resins and fillers and the particle sizes of the 
filler. It should be appreciated that, for a given resin system, an appropriate filler must be chosen. For example, the filler 
selected must be such that the transmission of visible or ultraviolet light by the restorative composition must be sufficient 
tor polymerization to take place. Persons skilled in the art will be able to select fillers and determine filler particle sizes 
based upon this requirement. 

The dental restorative compositions of the present invention can optionally Include a photosensitizing system for 
inducing polymerization of the resin monomers and/or oligomers by the action of visible light The polymerization initi- 
ators usable In the dental restorative compositions are conventional visible light cure Initiators well known in the art 
Light sensitive compounds such as benzyl, diketones and d,l-camphoroquinone are preferred, with camphcroquinone 
being particularly preferred. 

The dental restorative composition can also optionally include an organic tertiary amine reducing agent as a visible 
light polymerization accelerator. Numerous tertiary amines are useful as reducing agents for inclusion in the present 
Invention; however, the tertiary amines are generally acrylate derivatives such as dlmethylamlnoelhyl methacrylate and 
dietrtylarrunoethylmelhacrylate. 

The improvements In storage stability and the substantial elimination of discoloration In the composite resins of the 
present invention are attributable to the bisazo Initiators used In lieu of the conventional peroxide initiators. The blsazo 
initiators of the present invention have the following general formula: 
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R-N=N-FV 

wherein R and FT can be the same or different and are selected from the group consisting of oxygen-free aliphatic, 
cydoaliphatic, aromatic, and heterocyclic moieties. Illustrative of such suitable bisazo initiators are 2, 2' azobis (2,4- 

5 dimetriyf psrrtanenitrile) , 2, 2* azobis (2-methyi propane nitrile), 2, 2 J -azobts (2-methyCbutari8nltrile), 1 , 1 '-bisazo (cyano- 
cyctohaxane), azobisisobutyronrtrfle, azobenzene, 1 , V (azodimethylene) dipipericfine, and the Eke. 

Of the foregoing azobis initiators, the azobisnrtriles are preferred. The azobis aliphatic rdtriies are most preferred, 
especially the VAZO® polymerization initiators available from E.I. du Pont de Nemours, Warrington,? Delaware. For 
example, VAZO 52-2,2* - azobis(1 , 4^methylpentanenHrile); VAZO 64-2,2*- azobis (2-methytarcpanenifjile); VAZO 67- 

io 2,2' azobis (2-mdthybutananitrlle). VAZO 83-1 ,1 '-azobis (cyartocyclchaxane). and the lite have bean found useful. 

The incorporation of the thermal irtrtiators of the present invention into the polymerizable dental restorative materi- 
als enhances the sherf life and color stability thereof. The amount of polymerization initiator employed Is sufficient to 
permit rapid polyirterization upon exposure to temperatures ranging from about 45° to about 120°C. (for example, in 
boiling water) In less than about 15 minutes. Preferably, the amount of polymerization initiator ranges from about 0.01 

is to 5 weight percent of the restorative resin composition and most preferably ranges from about 0 0 1 to 2 weight percent 
of the restorative resin composition. 

Pigments, ultraviolet light absorbers, oparifiers, brightening agents and antfaddarrtsJsheif Bfe stabilizers, i.e., BHT, 
and other additives can be included in the restorative compositions of the invention without departing from its spirit 
The methods of preparing dental restorations and/or dentures or denture base materials In accordance with the 

20 present invention involve the preparation thereof from the filled polymerizable restorative resin compositions in accord- 
ance with known techniques. Cure can be effected by heat with or without water, pressure, and/or vacuum, If desired, 
cure can be effected at least partially wfth visible tight, and than the cure can be completed tn a heat/vacuum cure step 
as described in U.S. Patent No. 5,348,475, the pertinent portions of which are incorporated herein by reference. 
The preparation of a restoration can be done intraoraDy by the dentist, for example, for simple veneers, inlays, and 

25 onlays, or extraorally by a dental laboratory; on a stone model or rigid pclyvinytefloxane made from an intraoral impres- 
sion replica or onto an alloy substrate (foil or cast). 

In one embodiment when bidding a restoration intraoraliy or on a working model, a releasing agent is applied onto 
the tooth structure or model, respectively, overlapping the cavosurface margin. As an optional technique, the restoration 
should be removed from the model after each layer is built up and cured, and the releasing agent reapplied before the 

30 addition of the next layer, being careful not to entrap release agent between composite layers. Suitable releasing agents 
.include a combination of mineral oli and methanol, hydrophlllc silicon-type surfactants, or various hydrophiDc oQ lubri- 
cants. 

Upon completion of the restoration, the restoration can be trimmed and polished In accordance with weD estab- 
lished techniques, after which the restoration Is subjected to a further curing step. This curing step involves subjecting 

as the restoration to dry heat under vacuum (or an oxygen inhfc'rted environment) for a sufficient amount of time to effect 
complete curing of the composite resin. More specifically, the restoration Is placed Into a heat/vacuum chamber, either 
with or without the die, which has been preheated to the appropriate temperature, and the chamber is evacuated for a 
period of time ranging from about 10 to about 30 minutes, preferably from about 10-20 minutes. The curing Is effected 
at a temperature which is at or near the glass transition temperature of the dental restorative material. A temperature of 

40 about 225°F. (107°C.) is preferred, but is not limiting. The pressure within the vacuum chamber should be from about 
27 to about 29.5 in. Hg, and preferably is maintained at about 26.5-29.5 In. Hg during the curing process. This anaero- 
bic erivironmental chamber near Tg attains a greater Dp, and polymer chain orientation leads to further semicrystallinity 
attaining greater toughness and elimination of residual surface monomelic layers. 

The CONQUEST curing oven, available from Jeneric/Pentron, inc. of Wallingford, CT, is particularly well suited for 

45 the heat/vacuum curing, although other suitable heat/vacuum chambers can also be employed. 

Upon removal from the heat/vacuum oven, the restoration should be bench hardened for at least several minutes 
prior to further handling. Preparation of the restoration for placement in the oral environment is in accordance with con- 
ventional techniques, for example, by sandblasting the Interior surface of the restoration with aluminum oxide, using wax 
or a rubber«6ep type product to protect the glaze finish. The thus-prepared restorations can be bonded intraoraDy using 

so any of the commercially available bonding agents, luting cement systems, and the like, the selection of which is well 
within tJiasWD of the >art " 

Denture base material and dentures can be fabricated from the dental restorative materials of the present invention 
by incorporation of suitable pigments therein to simulate natural gum tissue color. The restorative materials can be com- 
pression molded or injection molded into conventional working molds employing such techniques as described in Skin- 
55 nera Science of Dental Materials, 9th Edition. Thereafter, cure can be effected In the mold by heating, for example, at 
60°C. with or without water, pressure, and/or vacuum for less than about 15 rrtiruites-The present invention will be more 
dearly understood from the following specific examples. 

In the following examples, the color of e material is determined by a colorimeter which detects odor parameters or 
coordinates U a and b as specified by DiBab (CIE, 1978). There are five most common and recognized indices which 
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can be computed from the L, a and b. Among them, the Total Color Difference is the magnitude of the resultant vector 
of three component differences: L (+AULighter) , a (+Aa*Redder) and b (+Ab= Yellower) . The total magnitude of 
color difference E between two colors can be computed from the equation: 

5 Eo V(AL) z + (Aa) z +(Ab) z 

The Yellowness Index, Yl, Is Intended primarily far determining the degree of yellowness for certain nearly colorless 
transparent plastics, nearly white translucent, or opaque plastics. It is determined in accordance with ASTM method 
D1 925 as follows: 

70 vi 71.53a -t.17S.82b 

Yl ^ 

Using the color indices calculated from the color coordinates l_ a and b, the color change of the material can be deter- 
mined. 

15 

Example 1 



1 00 grams of a monomeric matrix composition was prepared by admixing the following: 

20 40 grams triethyleneglycoldimetrtacrylale 
35 grams urethane cGmsthacrylate 

25 grams polycarbonate dlmethacrytate [the polycondensatlon reaction product of 2-hydraxyethyl methacrylate 
and triethyteneglycol bis (chioroformate)]. 

2.0 grams VAZO 88-1, V - azobis (cyanocyclohexane) available from E. I. Du Pont da Nemours, Wilmington, Dela- 
ys ware. 

075 grams UV-5411 [2- (2-hydroxy-5-tert-octylphenyQ benzotriezole available from American Cyanamld Co., 
Stamford. CT. 

0.05 grams benzoylhydroxytoluidine (BHT). 

0.01 grams 2. 2* - (2. 5 thiophenediyl) bis (5-tert - butylbenzoxazole). 

30 

Filler material preparation: 

A bariumborosilicate glass frit (SP1650) was processed and treated as described in U.S. Patent No. 5.276,068. 
The resulting filler exhibited an average particle size of 0.6 micron and a sllane content of about 6.5%. 

ss A filled composite material of the present invention especially suitable for fabrication of denture base material, den- 
ture teeth and Inlay/onlays, veneers, and other dental appliances in a dental laboratory was prepared by admixing 25% 
by weight of the foregoing monomeric matrix composition with 70% by weight of the inorganic filler as prepared above 
and 5% by weight of colloidal fumed silica having an average particle size of about 0.04 micron. The resulting composite 
was a homogeneous paste comprising the monomeric c o mpos i tion as the matrix with the inorganic filler and the fumed 

40 silica uniformly dispersed therein. 

The resulting material was then subjected to aging in a S7°C. convection oven for 2 weeks and 1 month. A small 
portion of the material was also put into a Cure-Lite light curing unit (Jeneric/Pentmn, Inc. WaOingford, CT) for 1 minute 
light exposure. At each test stage, the materia! was observed visually and then made Into 1 mm thick and 20 mm In 
diameter disc samples and cured with heat only in a Conquest C&B Curing Unit (Jeneric/Pentron, Inc.) for 15 minutes. 

45 Then, the color coordinates L a and b of the samples were determined by a Cotorgard 05 colorimeter (Pacific Scientific 
Co., California). 

As a comparison, two identical materials as above were prepared except the VAZO 88 initiator was replaced by (1) 
1.0 gram benzoyl peroxide, and (2) 2.0 grams benzoyl peroxide. The control materials were also subject to test In the 
same manner as for the present invention. 

so 



ss 
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Set out below in Table 1 are the test results. 



Table 1 



5 


Test Condition 


Type of Heat Cured Initiator in Material 






2.0 VAZO 88 


1.0 BPO 


2.0 BPO 




Intensive Light Exposure Test 


No Effect on Material 


Material Thickened 


Partially Hardened 


10 


Material at Fresh Stage 


AO Show No Color Change Visually (Color is the same at Starting Point) 


Yl after Cure 


45.6 


48.9 


49.8 




2 wks at 37°C. Color Change 


No 


IBS 


Ybs 




Yl after Cure 


45.6 


54.5 


64.5 


15 


4 wks at 37°C. Color Change 


No 


\BS 


Yes 




Yl after Cure 


45.8 


57.7 


71.7 



The above data show that with the aging process, materials containing benzoyl peroxide exhibit unstable charac- 
teristics, which are reflected by odor change and Yellowness Index Increase. Upon Intensive light exposure for one 
minute, the material containing BPO also shows signs of polymerization. On the other hand, the material with VAZO 88 
heat activated free radical initiator exhibited no noticeable change In color demonstrating Hs stability. 

Example 2 

Employing the trimodal curing method of U.S. Patent No. 5,348,475, a cured single paste dental restorative com- 
position was prepared as described in Example 1 , except 0.1 grams d r l-carrphoroquinone and 0.2 grams diethylamino 
so ethyimethacrylate (DEAEMA) were additionally admixed into the resin matrix composition. 

The trimodal curing technique Involves the use of visible fight Illumination for the Initial curing of the composite resin 
and a combination of dry heat and vacuum for the complete cure of the composite restorative material. 

The resulting composite material was then subjected to aging at 37°C. for 2 weeks. At the fresh and aged stages, 
the material was made into 1 mm thick and 20 mm In diameter discs with visible light cure first and then processed In a 
ss Conquest Heat/Vacuum unit for 15 minutes. A computerized colorimeter Colorgaid 05 System was utilized to observe 
the samples and the color coordinates U a and b were determined. 

As a comparison, two additional compositions were prepared in the same way as the present invention except (1) 
the VAZO 86 initiator was substituted by BPO, and (2) the composition was prepared without any heat initiator. The for- 
mulated materials were then subjected to the same aging treatment as above. 
40 Set out below in Table 2 are the testing resutts of Total Color Difference E, which is present between the fresh and 
the aged materials, and the Yellowness Index (Yl). 
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Table 2 



5 


Material Status 


. Color 
Parameter 


Type of Heat initiator in the Composite 








2.0VAZO88 


2.0 BPO 


0 Heal Initiator 




Nat Aged Composite (VLC/HV) 


L 


16.88 


16.95 


16.97 


10 






-12.10 


-12.16 


-12.71 




b 


895 


10.04 


9.35 








43.5 


54.6 


45.1 




2 Weeks Aged Composite (VLC/HV) 


L 


17.01 


17.30 


17.00 


15 




. a 


-11.96 


-13.11 


-12.68 






b 


8.91 


11.92 


9.25 






Yl- 


43.4 


69.0 


46.0 


20 




Eo 


0.20 


2.16 


0.12 



The above data illustrate that the presence of the heat initiator VAZO 88 in the composite imparts eimilar color sta- 
bility to the composition without any heat Initiator. On the other hand, the composition containing conventional heat ini- 
25 tiator BPO showed severe discoloration. [Generally, when the color difference E between two colors is less than one 
(1), more than 50% of observers will judge those two colors as matching.] The dramatic Increase in Yl of the composi- 
tion containing BPO upon aging also indicates the color unstable nature of the benzoyl peroxide. 

Examples 3-5 

30 

Example 2 is repeated except thai the VAZO 88 heal Initiator is replaced by VAZO 52 (Example 3), VAZO 64 
(Example 4), and VAZO 67 (Example 5). In each instance, the resulting dental restorative materials are compared to 
identical compositions containing benzoyl peroxide as the Initiator and a composition containing no heat Initiator. In 
each instance, results substantially similar to those reported In Example 2 are obtained. 

ss 

Example 6 

A heat curable single paste denture base material is prepared In the same manner as described in Example 1, 
except 0.024 gm. Red #40 and 0.008 gm. Red #5595 pigments are added to simulate natural gum tissue color. The 
40 resulting denture base material is compression molded in a dental base working moid, and cure is effected in the mold 
at 80°C. for about 15 minutes and compared to Identical compositions containing BPO as the initiator. In each case, 
results substantially similar to those reported in Example 1 are obtained. 

Although the present Invention has been described using Illustrative examples. It should be understood that the 
invention is not limited to the specific exemplary embodiments shown herein. Various modifications and alterations of 
45 this invention will be apparent to those skilled in the art without departing from the scope and spirit of this Invention. 

Claims 

1 . In a polymerizabie dental restorative resin composition comprising at least one binder resin, a diluent monomer, at 
so least one filler, optionally, a photopolymerization system comprising an Initiator for Initiating polymerization of the 
composite resin upon exposure to visible tight and an accelerator, and an initiator for initiating polymerization of the 
composite resin upon application of heat, the improvement imparting shelf stability and substantially eliminating 
discoloration comprising the initiator for initiating polymerization upon application of heat having the general for- 
mula: 

55 

R-NeN-R' 

wherein R and R' can be the same or different, and are selected from the group consisting of oxygen-free aliphatic 
cycloaliphatic, aromatic, and heterocyclic moietiea. 
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2. A polymerizabie dental restorative resin composition as defined in Claim 1 wherein the binder resin comprises a 
polycarbonate dimethacrylate condensation product obtained by the condensation reaction of an hydroxyalkyl 
methacrylate and a Us (chloroformata). 

3. A potymarizable dental restorative resin corrposrtion as defined in Claim 2 wherein the binder resin additionally 
comprises Bis - GMA. 

4. A polymerizabie dental restorative resin composition as defined in Claim 2 wherein the binder resin additionally 
comprises a ur ethane dimethacrylate. 

a A polymerizabie dental restorative resin composition as defined in Claim 3 wherein the binder resin additionally 
comprises a ur ethane dimethacrylate, 

6. A polymerizable dental restorative resin composition as defined En Claim 1 wherein the effluent monomer Is 1- 
hydroxyethytmethacrytate. 

7. A pofymerizable dental restorative resin composition as defined in Claim 4 wherein the diluent monomer is triethyi- 
eneglycoWirnetriacrylate. 

8. A polymerizabie dental restorative resin co mposi tion as defined in Claim 1 wherein the filler has an average particle 
size ranging from about 0,01 to 10.0 urn. 

9. A polymerizabie dental restorative resin composition as defined in Claim 1 wherein the finer is an inorganic filler. 

10. A polymerizabie dental restorative resin composition as defined in Claim 1 wherein the finer is an organic finer. 

1 1 . A polymerizabie dental restorative resin composition composition as defined in Claim 1 wherein the initiator for ini- 
tiating polymerization upon application of heat is present in an amount sufficient to permit polymerization upon 
exposure to temperatures ranging from about 45 a to about 120°C. in less than about 1 5 minutes. 

12. A polymerizabie dental restorative resin composition as defined In Claim 11 wherein the Initiator Is present In an 
amount ranging from about 0.01 to 5 weight percent based on the weight of the resin composition. 

13. A polymerizabie dental restorative resin composition composition as defined In Claim 12 wherein the Initiator Is 
present in an amount ranging from about 0.01 to 2 weight percent based on the weight of the resin composition. 

14. A dental composite resin composition comprising the polymerizabie dental restorative resin composition as defined 
In Claim 1. 

15- A denture base composition comprising the polymerizabie dental restorative resin composition as defined in Claim 
1. 

16. A denture composition comprising the polymerizabie dental restorative resin composition as defined In Claim 1. 
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(54) Colour stable dental restorative materials 

(57) In a polymerizable dental restorative resin 
composition useful as a dental composite resin anoVor a 
denture/denture base material comprising at least one 
binder resin, a diluent monomer, at least one filler, 
optionally, a photopolymerization system comprising an 
initiator for initiating polymerization of the composite 
resin upon exposure to visible light and an accelerator, 
and an initiator for initialing polymerization of the com- 
posite resin upon application of heat, the improvement 
imparting shelf stability and substantially eliminating 
discoloration is provided comprising the initiator for initi- 
ating polymerization upon application of heat having the 
general formula: 

R-NeN-R' 

wherein R and R' can be the same or different, and are 
selected from the group consisting of oxygen-free 
aliphatic cycbaBphatlc, aromatic, and heterocyclic moi- 
eties. 
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